INTRODUCTION
Fourteen species of the genus Aspicilia were described by Hue (1912) from Korea based on the Urban Jean (Abbe) Faurie collections more than a century ago. Unfortunately, Hue's results were almost forgotten, and only recently some of his names were recorded in regional checklists (Hur et al. 2005 , Moon 2013 . A few species of the genus Aspicilia were also added during recent studies (Aptroot and Moon 2014, Kondratyuk et al. 2016a, b) . Totally 18 species of the genus Aspicilia have hitherto been recorded for the country.
Th e aim of this paper is to provide the fi rst results of the taxonomic revision on the Korean representatives of the genus Aspicilia, which have already been proved by molecular study, and to provide a preliminary identifi cation key of aspicilioid taxa in the Eastern Asian region. Th e revision of the Korean material is still in progress and other results will be published in another addition (see also Kondratyuk et al. 2016b) .
RESULTS AND DISCUSSION
Taxa characterised by unique complex of morphological and anatomical characters, and taxa found to have support from molecular data aft er phylogenetic analysis based on ITS nrDNA sequences, as well as taxa for which we were not able to fi nd proper existing names are described below. Aspicilia cinerea (L.) Körb. previously reported from South Korea is confi rmed by molecular data for the fi rst time.
Description of taxa
Aspicilia pseudoabbasiana S. Y. Kondr., L. Lőkös et J.-S. Hur, sp. nov. ( Th allus to 3(-5) cm diam., but may form larger aggregations, dark grey or lead-grey to dark lead-grey, areolate, somewhat shiny, while upper surface dull; areolae (0.5-)0.7-1.5 mm diam./across, very irregular; rather thick, to 0.35-0.4 (-0.5) mm thick in section, somewhat scattered in peripheral zone; cortical layer to 15-20 μm thick, upper portion more or less brownish or greyish, paraplectenchymatous, cell lumina to 5-7 μm across, K-, with epinecral zone to 10 μm thick (better seen in K); algal zone K+ yellow, reaction rather weak; algal cells ca 10-16(-22) μm diam.; medulla I-. Hypothallus not observed.
Apothecia (0.4-)0.5-1(-1.2) mm diam./across and to 0.25-0.3(-0.4) mm thick in section, lecanorine, 1-2(-3) per areole, disc immersed into thallus, black, thalline margin well developed, oft en thickened and highly uplift ed above disc level; hymenium to (100-)110-140 μm high; epihymenium dull greenish, K-becoming lighter and brownish, N+ distinctly bluish/greenish; subhymenium to 60-70 μm thick, hyaline or sometimes dull yellow, with oil droplets; asci 8-spored; ascospores hyaline, simple, widely ellipsoid to widely fusiform with more or less attenuated ends, (15-)17-22(-27) × (6.5-)8-12(-14) μm; conidiomata to (60-)90-130 μm diam., and to 200 μm high; conidia cylindrical, straight, long and narrow, 13-17(-19) × 0.7-0.8 μm.
Chemistry: Th allus K-or K+ yellow, medulla K+ yellow. Containing stictic acid (HPLC).
Ecology: Growing on siliceous rocks of coastal zone. Distribution: So far known from scattered localities of South Korea. Etymology: It is named aft er its similarities with the species Aspicilia abbasiana S. Y. Kondr., L. Lőkös, Ismayil et Guo.
Taxonomic notes: Aspicilia pseudoabbasiana is similar to A. abbasiana, but diff ers in having narrower ascospores.
Aspicilia pseudoabbasiana is similar to A. adamanticola Hue, but diff ers in having dark thallus (vs. light grey), and in having narrower ascospores ((15-)17-22(-27) × (6.5-)8-12(-14) μm vs. 16-22 × 12-14 μm) .
Th e other taxa diff er in having diff erent measurements of ascospores as well as in having medulla K+ yellowish reaction and in containing norstictic acid.
Aspicilia pseudoabbasiana is similar to A. tofacea Hue, but diff ers in having dark thallus (vs. whitish grey or white), in having larger thalline areolae (0.7-1.5 mm vs. 0.3-0.6 mm across), in having larger apothecia (0.5-1 mm vs. 0.2-0.3 mm diam.) and in having medulla K+ yellow, while ascospores are almost the same ((15-)17-22(-27) × (6.5-)8-12(-14) μm vs. 13-24 × 10-12 μm).
Aspicilia pseudoabbasiana is similar to A. arizonica Owe-Larss. et A. Nordin, recently described from North America, but diff ers in having lower hymenium Th allus 5-10 cm diam., areolate or only slightly cracked to continuous, very thin, to 0.15(-0.3) mm thick in section, whitish grey or light grey; areolae 0.5-1.5 (-2) mm diam./across; in section thallus to 150-200(-270) μm thick, cortical layer to 20-25 μm thick, hyaline in upper portion, paraplectenchymatous, cell lumina 7-8 μm diam./across; algal layer K+ yellow (if section rather thick), or weakly yellow (in thin section sometimes hardly observed), algal cells ca 14-20(-25) μm diam.; medulla I-; lower portion of thallus (medulla below of algal zone) with numerous crystals not dissolving in K. Hypothecium well developed, black, to 0.5-0.8 mm wide in peripheral zone as entire circle around thallus.
Apothecia 0.5-0.9 mm diam./across and to 0.13(-0.3) mm thick in section, aspicilioid, immersed, disc concave seems to have white pruina, whitish blackish while at larger magnifi cation greyish or greyish black; thalline edge somewhat hanging above deeply concave disc (seems to be thelotrematoid-like apothecium), oft en white and well contrasting to grey thallus; in section seems to be lecanorine; true exciple to 25-30 μm wide in lateral portion; hymenium to (80-)110-130 μm tall, oft en with oil droplets to 8 μm diam.; epihymenium dirty greenish brown, K-becoming lighter and brownish, N+ bluish/greenish; subhymenium to 40-50 μm thick, with oil droplets to 5-8 μm diam. or oft en in irregular aggregations; paraphyses to 5-6 μm wide towards the tips, brownish and moniliform; asci 8-spored; ascospores hyaline, simple, widely ellipsoid, 18-* Buellia coniops is reported for the fi rst time from Korea. 23(-25) × (9-)10-12 (-14) Th allus to 3-5 cm across, but probably forms much larger aggregations, areolate, white-greyish or light grey to grey-brownish, especially in peripheral zone; K+ yellow becoming blood red later; hypothallus black well developed [100438] ; areolae 0.4-0.7(-1.2) mm across, very thick (to 0.2-0.4 mm); aft er keeping in herbarium becomes somewhat yellowish; algal zone K+ yellow washing out in solution later with red or rusty crystals, reaction very fast. Hypothallus as dark grey line, 0.6-1 mm wide, rarely observed, while sometimes (specimen 100438) well developed to 1 mm width as dark grey or greyish dark brown or greyishblackish in the outermost narrow portion.
Apothecia 0.2-0.3(-0.5) mm diam./across, very variegated, (1-)3-5(-8) per areole, very irregular in shape, totally immersed into the thallus, aspicilioid, disc at the same level with thalline areole level; hymenium to 90-100 μm tall; epihymenium dull or dirty brown, K-brownish, N+ greenish; asci 8-spored; ascospores hyaline, simple, rounded or slightly elongated, ascospores (13-)16-20 (-22) × (7-)8-12 μm; conidia cylindrical, straight, long and narrow, 15-20 × 0.7-0.9 μm.
Chemistry: Containing norstictic acid (HPLC). Ecology: Growing on siliceous rocks, from coastal zone to high localities in mountains.
Distribution: So far known from scattered localities of South Korea. Etymology: It is named aft er its similarities with the species Aspicilia epiglypta (Nyl.) Hue.
Taxonomic notes: Aspicilia subepiglypta is similar to A. epiglypta in having dark olive green epihymenium, N+ intensifying in bright green, in having norstictic acid, It seems to be the rarest of the trio including A. cinerea and A. intermutans, which diff ers principally in conidial and ascospores size, lacks the yellow tinge, has small number of apothecia (2-5, rarely single) per areolae, has small apothecia (0.2-0.3(-0.5 or -1) mm diam.), species growing on schistose and granite rocks, maritime, oft en in sunny, nutrient rich situations, but diff ers in having not zonated thallus (vs. usually markedly zonate at the margin, sometimes to 15 mm), in the lack of thalline margin (vs. thalline margin raised, thick, angular-indented or convoluted, persistent), in having smaller ascospores ((13-) 16-20(-22) × (7-)8-12 μm vs. 20-25 × 12-15 μm), and slightly shorter conidia (15-20 × 0.7-0.9 μm vs. 15-28 × 1 μm).
Aspicilia subepiglypta is similar to A. adamanticola Hue, an Eastern Asian taxon, but diff ers in having somewhat shorter and distinctly narrower ascospores (16-20 × 8-12 μm vs. 16-22 × 12-14 μm), and longer conidia (15-20 × 0.7-0.9 μm vs. 14-16 × 0.6-0.8 μm).
Aspicilia subepiglypta is similar to the widely distributed Aspicilia cinerea, but diff ers in having longer conidia (15-20 × 0.7-0.9 μm vs. 11-16 × 1 μm).
Additional specimens examined: Republic of Korea. Gyeongsangnam-do, Hamyang-gun, Seosang-myeon, Mt Baekunsan, on rock, growing together with Th allus 3-5 cm diam., but may form larger aggregations, light grey or slightly brownish grey, distinctly areolate, upper surface matt, K-or K+ very slowly purely yellow; areolae 0.5-1(-1.3) mm diam./across, very irregular; rather thick, to (0.2-)0.4-0.5 mm thick in section; cortical layer to 20-30 μm thick, somewhat indistinct in places; algal cells ca 16-18 μm diam.; medulla I-. Hypothallus only rarely present, usually thallus in peripheral zone somewhat excavated, undulating and uplift ed and hypothallus absent / not observed, while sometimes black and fi lamentous (specimen 110813).
Apothecia to 0.9-1 mm diam./across and to 0.35 mm thick in section, lecanorine, with thalline margin to 0.1-0.25(-0.35) mm wide or much wider, very oft en highly uplift ed and covering disc to 50% or more (see Fig. 4 ); hymenium to 150 μm tall, with oil droplets oft en richly; epihymenium dull greenish, K-becoming lighter and brownish, N+ distinctly bluish; asci 8-spored; ascospores hyaline, simple, widely ellipsoid to spherical, (16-)19-22(-30) × (9-)12-16(-17) μm; conidiomata to 120 μm diam., and to 130-140 μm high; conidia cylindrical, straight, very short and narrow, 3.5-5.5 × 0.7-0.8(-1) μm.
Chemistry: Th allus K-, medulla K+ yellow to brownish yellow. Containing stictic acid (HPLC).
* Rosellinula fr ustulosae is reported for the fi rst time from Korea. Ecology: Growing on siliceous rocks, from coastal zone to high localities in mountains.
Distribution: So far known from scattered localities of South Korea. Etymology: It is named aft er its similarities with the species Aspicilia geographica Hue.
Taxonomic notes: Aspicilia subgeographica is similar to A. geographica, but diff ers in having smaller conidia and larger ascospores.
Aspicilia subgeographica is similar to A. adamanticola Hue, but diff ers in having very weak reaction of the thallus (vs. K+ yellow becoming intense reddish later), in having larger algal cells, and longer conidia.
Aspicilia subgeographica is similar to A. cyanescens Owe-Larss. et A. Nordin, which is the only Californian Aspicilia species growing on bark or wood, but differs in having larger and lecanoroid apothecia (0.9-1 mm vs. 0.2-0.6 mm diam., aspicilioid), lower hymenium (to 150 μm vs. 130-200 μm high), shorter conidia Aspicilia subgeographica is similar to A. caesiocinerea (Malbr.) Arnold, but diff ers in having lecanorine apothecia (vs. aspicilioid, 1(-5) per areole), a hy- Similar to Aspicilia goettweigensis, but diff ers in having longer ascospores, and in the lack of norstictic and connorstictic acids, as well as in having lecanorine apothecia and much thicker subhymenium. Th allus 3-5 cm diam., but may form larger aggregations, light grey or whitish grey to pure grey or lead-grey, areolate, areolae 0.3-1.5(-2.3) mm diam./across, sometimes areoles well developed only in the centre while thallus only cracked in the peripheral portion, with portions to 3-4 mm across; with numerous apothecia in the centre, upper surface even, sometimes with small fi nger-like outgrowth to 0.15-0.2 mm diam, with somewhat darker uppermost portion; rather thick, to (0.45-)0.5-0.6(-0.8) mm thick in section; cortical layer to (15-)20-30(-40) μm thick with distinct epinecral zone to 20 μm thick sometimes, K-; algal zone K+ yellow, reaction rather weak; algal cells ca 15 μm diam.; medulla I-; lower portion of thallus (medulla below algal zone) with numerous crystals not dissolving * Specimen included with some hesitation since it contains stictic and thiophanic acids. ** Specimen was extremely small, but enough for getting DNA. in K. Hypothecium well developed, black, to 0.5-0.8 mm wide in peripheral zone as entire circle around thallus.
Apothecia 0.4-0.8(-1) mm diam./across and to 0.3-0.5 mm thick in section, lecanorine, 1-2(-4) per areole, at fi rst immersed into thallus, but later thalline margin well distinct to 0.1-0.15 mm wide, rather thick, uplift ed above thalline level, concolorous with thallus, pure grey; disc 0.2-0.5 mm diam./across, mainly concave, grey-black to bluish black, with somewhat greyish pruina or seem to be pruinose (but under larger magnifi cation (more of ×100) epruinose); in section thalline margin 90-100 μm thick in lateral portion, well developed; true exciple to 40 μm wide in lateral portion, hymenium to (100-)170-180 μm tall oft en with oil droplets; epihymenium dull or dirty brown, K-becoming lighter and brownish, N+ bluish/greenish; subhymenium to 100 μm thick, with oil droplets to 3 μm diam., somewhat more greyish than hymenium; paraphyses to 4-5(-6) μm wide, brownish and moniliform towards the tips; asci 8-spored; ascospores hyaline, simple, rounded or slightly elongated, ascospores (16-)19-23(-25) [-27 ?] × (9-) 11-14(-15) [-17 ] μm, spore wall to 0.7 μm thick; conidia cylindrical, straight, long and narrow, (13-)14-19 × 0.7-0.8 μm.
Chemistry: Containing stictic acid (HPLC). Ecology: Growing on siliceous rocks, from coastal zone to high localities in mountains.
Distribution: So far known from scattered localities of South Korea. Etymology: It is named aft er its similarities with the species Aspicilia goettweigensis (Zahlbr.) Hue.
Taxonomic notes: Aspicilia subgoettweigensis is similar to Aspicilia goettweigensis, but diff ers in having longer ascospores, and in the lack of norstictic and connorstictic acids (see Paukov et al. 2016) , as well as in having lecanorine apothecia and much thicker subhymenium. Th is taxon is accepted here in rather wide sense because it is so far heterogeneous. However, they are all characterised by having stictic acid in thallus, as well as large ascospores and long conidia. With further accumulation of specimens and molecular data on this group, it is probable that some of the specimens cited under this name will belong to diff erent taxa in the future. Specimen 100588 (KoLRI 012341) having very light, almost white thallus and smaller apothecia is the most diff erent from the others.
In general specimens of this taxon are very similar to A. cinerea based on measurements of ascospores and conidia, but diff er in having only stictic acid, and the lack of norstictic acid, as well as in having diff erent spot reactions.
Aspicilia subgoettweigensis is similar to A. pseudoabbasiana described above, but diff ers in having better developed hypothallus, seemingly pruinose dull greyish disc of apothecia, higher hymenium inspersed with oil, and in having somewhat wider ascospores.
Based on the rather thick K-thallus, medulla K+ yellow, and almost the same areole and hymenium measurements, Aspicilia subgoettweigensis is similar to Japanese A. straminella Hue, but diff ers in having pure grey thallus (vs. strawyellow-greenish thallus), larger apothecia (0.4-0.8 mm vs. 0.2-0.4 mm wide), Kepihymenium (K+ blue), larger ascospores (16-)19-25(-26) × (9-)10-13(-15) vs. 16-20 × (10-)11-14(-15) μm or to 10-11 μm diam. if spherical), and narrower ascospore wall (to 0.7 μm vs. to 1.5 μm thick). Unfortunately data on conidia and conidiomata of A. straminella are so far missing.
Based on its description, Aspicilia subgoettweigensis is similar to A. umbrinella Hue, but diff ers in having negative iodine reaction of medulla, as well as in having grey thallus, larger thalline areoles, higher hymenium, and weak K+ yellow reaction of medulla. Unfortunately, data on the conidia of A. umbrinella are so far missing too.
In the key of "Lichen fl ora of the Greater Sonoran Desert region" this material can be keyed to Aspicilia fumosa Owe-Larss. et A. Nordin. In this paper it was mentioned that type specimens of A. fumosa were analysed for DNA (ITS), and it shows similarities to A. glaucopsina (Nyl.) Hue and A. phaea Owe-Larss. et A. Nordin (Owe-Larsson et al. 2004) . However, results of sequencing of these three species are still not available for wide access and cannot be included in our comparison. A. subgoettweigensis is similar to A. fumosa in having similar thick thallus, similar size of apothecia and oft en elevated fertile areoles, however it differs in having lighter and only greyish thallus (vs. partly brown-grey to olive-grey or light brown), either aspicilioid or lecanorine apothecia (vs. only aspicilioid), in having thalline margin concolorous with thallus (not becoming darker of thallus), while measurements of ascospores and conidia partly overlap. Th allus more than 10 cm diam./across, white to dull white, light grey or greenish grey in places, distinctly areolate; areolae (0.5-)0.7-1.2(-2) mm diam./ across in the centre, while in peripheral zone not so well developed and not so distinguished; rather thick, to 0.5 mm thick in section; algal cells to 18 μm diam.; medulla I-. Hypothallus not developed, or not observed.
Apothecia to 0.4-1(-1.3) mm diam./across and to 0.2-0.25 mm thick in section, cryptolecanorine, 1-2 per areole, with well developed, entire, somewhat * Specimen included with some hesitation since chemical and molecular data were not checked for this taxon. lighter thallus, whitish; disc seems to be with white pruina, but at larger magnifi cation (more than ×100) epruinose, matt, grey or brownish grey (not black); immersed into thallus; hymenium (90-)120-140 μm tall, with oft en abundant oil droplets; epihymenium green dark brown, K-becoming lighter and brownish, N+ bluish; subhymenium to 30-50 μm thick, with oil droplets to 3-4 μm diam.; asci 8-spored; ascospores hyaline, simple, widely ellipsoid to spherical, (15-)20-25(-27) × (7-)10-12(-14) μm; ascospore wall to 1 μm thick.
Conidiomata and conidia not seen. Chemistry: Th allus K-or K+ yellow, reaction very slow and weak; medulla K -or K+ yellow. No substances detected or only stictic acid is present (HPLC).
Ecology: Growing on siliceous rocks, from coastal zone to high localities in mountains.
Distribution: So far known from scattered localities of South Korea. Etymology: It is named aft er similarities with the species Aspicilia mamillata Räsänen.
Taxonomic notes: Th is species is characterised by having areolate thallus without well developed hypothallus, concave aspicilioid apothecia, where disc oft en seem to be pruinose, medium high hymenium inspersed with oil, and rather long and medium wide ascospores. Aspicilia submamillata is similar to A. mamillata, but diff ers in having narrower ascospores*.
Additional * Unfortunately original description of A. mamillata is rather pure, no measurements on elements of thallus or apothecia are provided. ** Specimen included with some hesitation, it may belong to another separate taxon. *** Phaeospora peregrina is reported for the fi rst time from Korea.
As it is seen from the phylogenetic tree of the genus Aspicilia s. str. (Fig. 7 ) taxa with stictic acid, i.e. A. pseudoabbasiana, A. pseudovulcanica, A. subgeographica, A. subgoettweigensis, and A. submamillata 
CONCLUSIONS
Th e fi rst results of the molecular study of Aspicilia species from Korea show that we are still very far from understanding species diversity of this genus. Hue's and Nylander's taxa described more than a century ago from this region still need to be confi rmed by fresh collections and molecular data.
Molecular study of a number of other fl oristical novelties for Korea, i.e. Aspicilia pacifi ca, Circinaria contorta, C. leprosescens and others selected hitherto only on the basis of morphological characters is still in progress. Th eir status will be discussed separately when results of DNA extraction and sequencing are available. ***
